Purpose: Total knee arthroplasty (TKA) and total hip arthroplasty (THA) patients are at an elevated risk of post-operative venous thromboembolism (VTE). Newer thromboprophylactic agents such as rivaroxaban are increasingly used and effective in preventing thromboembolic events but may worsen bleeding risk. Recent studies have suggested that the more cost-effective aspirin may also be effective in preventing VTE. This systematic review and meta-analysis aimed to compare the efficacy of aspirin against rivaroxaban for the prevention of VTE following TKA and THA. Methods: Electronic searches were performed using five databases from their date of inception to August 2018. Relevant studies were identified, with data extracted and meta-analyzed from the studies. Results: Five studies were included, which consisted of 2257 in the aspirin group and 2337 in the rivaroxaban group. There were no differences between aspirin and rivaroxaban for either VTE (p ¼ 0.48) or its components deep vein thrombosis (p ¼ 0.44) and pulmonary embolism (p ¼ 0.98). Also, there were no differences between groups for either major bleeding (p ¼ 0.17), any bleeding (p ¼ 0.62), readmissions (p ¼ 0.37) or wound complications (p ¼ 0.17). Conclusion: Aspirin was not significantly different to rivaroxaban for prevention of VTE or adverse events after TKA or THA. However, this study was limited by the significant heterogeneity of the included studies. More large randomized studies are needed to add to this body of evidence.
Introduction
Patients undergoing total knee arthroplasty (TKA) or total hip arthroplasty (THA) face an elevated risk of postoperative venous thromboembolism (VTE). VTE, which encompasses both deep vein thrombosis (DVT) and pulmonary embolism (PE), is a major cause of post-operative morbidity and mortality. Without adequate prophylaxis, DVT can develop in up to 40-60% of post-operative patients, and fatal PE can reach 1-2%. 1, 2 Current guidelines suggest that prophylaxis should be given for a minimum of 10-14 days and should be strongly considered for up to 35 days. 3 The choice of prophylactic agent, though, remains controversial, and there is no current consensus regarding the preferred therapy. Commonly used agents include direct oral anticoagulants like rivaroxaban, a factor Xa inhibitor, and enoxaparin, a low molecular weight heparin. While effective, these medications have been shown to increase the bleeding risk, potentially increasing the risk of infection, prolonging recovery and increasing rates of readmission. 4 The risk of VTE in post-TKA and post-THA patients has declined markedly with the advent of multidisciplinary care, changes in surgical technique and the preference for early physical therapy and ambulation. 5 This has changed the risk-benefit analysis for prophylaxis agents, with some hypothesizing that any risk reduction from newer agents would be offset by an increased risk of bleeding complications. 6 This has led to a renewed interest in aspirin, a cheap, generic anti-platelet drug. While there are multiple older studies evaluating its effectiveness, direct comparisons with newer agents within the modern clinical landscape have only recently begun appearing. [7] [8] [9] We conducted a meta-analysis of studies comparing aspirin to rivaroxaban in patients after TKA or THA.
Methods

Literature search strategy
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed for this study. Electronic database searches were performed using PubMed, Ovid Medline, Cochrane Database of Systematic Reviews (CDSR), Database of Abstracts of Review of Effectiveness (DARE) and Cochrane Central Register of Controlled Trials (CCTR), from their dates of inception to August 2018. The sensitivity of the search strategy was maximized by combining the terms 'aspirin' AND 'rivaroxaban' AND 'arthroplasty OR replacement OR knee OR knee arthroplasty OR hip arthroplasty OR knee replacement OR hip replacement' as the keywords when searching in the title, abstract, keywords and MeSH fields. The reference list of all retrieved articles was manually reviewed to further identify potentially relevant studies.
Selection criteria
Eligible studies for this systematic review and metaanalysis included patients receiving aspirin or rivaroxaban for chemoprophylaxis following knee or hip arthroplasty. Studies were included if they reported primary VTE outcomes or secondary outcomes (e.g. bleeding and wound complications) at follow-up. VTE included DVT and PE which was symptomatic or clinically detected. Bleeding was defined as major if it was fatal bleeding, symptomatic in a critical organ or region, or bleeding requiring reoperation. If an institution published duplicate studies with increased length of follow-up and accumulating patient numbers, the most recent data were used for quantitative analysis. All publications included were limited to those in the English language and involving human subjects. Conference presentations, case reports, reviews, editorials and expert opinions were excluded.
Data extraction and critical appraisal
All the relevant data were extracted from the article text, figures and tables. Two investigators (JX and GSC) independently reviewed and extracted data from the retrieved articles. Discrepancies between the two reviewers were resolved by discussion with senior authors to reach a consensus. The study characteristics extracted include study year, country, number of patients undergoing TKA and THA and number of patients receiving aspirin or rivaroxaban. The primary outcomes reported was any VTE, which included DVT and PE. Secondary outcomes included major bleeding, minor bleeding, readmission and wound complications. The risk of bias for all included studies was assessed according to the Cochrane Collaboration's tool.
Statistical analysis
Outcomes were analyzed, with the relative risk (RR) or weighted mean difference used as the summary statistic. Random effects model was used in all cases regardless of the I 2 due to inherent heterogeneity between selected studies with regards to study design and patient demographics. Sensitivity analysis was performed by leave-one-out analysis. Publication bias was assessed by funnel plots. All statistical analysis was performed using Review Manager 5.3 software (Cochrane Collaboration, Software Update, Oxford, United Kingdom).
Results
Quality of studies
A total of 1786 studies were identified by searching five electronic databases using our search strategy ( Figure 1 ). By examining the study abstracts and removing duplicates, 1728 studies were excluded leaving 58 potentially relevant articles. Following the application of the inclusion criteria, a total of five studies were selected for quantitative analysis. [10] [11] [12] [13] [14] These studies included a total of 4594 patients, with 2257 in the aspirin group and 2337 in the rivaroxaban group. From these patients, 2159 were THA and 2435 were TKA.
Of all the included studies, four studies were randomized controlled trials using prospectively collected data and one study was a retrospective observational study. The outcomes of the risk of bias assessment for these studies are summarized in Table 1 . All studies had low or unclear risk of bias for random sequence generation, blinding of outcome assessment, incomplete outcome data and selective 2
Journal of Orthopaedic Surgery 28 (1) reporting. In one study, there was a high risk of bias for allocation concealment and blinding of participants and personnel.
Baseline characteristics
The mean patient age in the aspirin group ranged from 62.7 to 71.2 years, compared to the rivaroxaban group which ranged from 62.7 to 67.1 years. For the aspirin group, 56.5% of the cohort were female and 56% of the rivaroxaban group were female. The mean body mass index (BMI) of the aspirin group ranged from 24.2 to 31.1 kg/m 2 , compared to the rivaroxaban group which ranged from 24.6 to 31.0 kg/m 2 . There were no significant differences between the aspirin and rivaroxaban groups with regards to age (p ¼ 0.25), number of females (p ¼ 0.72) and BMI (p ¼ 0.82). The dosage for aspirin ranged from 81 mg daily to 325 mg bi-daily. The dosage for rivaroxaban was 10 mg daily for all included studies. The duration of treatment for both aspirin and rivaroxaban ranged from 9 to 35 days. The follow-up time from the included studies ranged from 28 to 90 days. The study characteristics are summarized in Table 2 .
Operative details
The mean operative blood loss in the aspirin group ranged from 130 to 314 mL, compared to the rivaroxaban group which ranged from 171 to 354 mL. The mean operative time in the aspirin group ranged from 83 to 119 min, compared to the rivaroxaban group which ranged from 83 to 123 min. The mean length of hospital stay in the aspirin group ranged from 2.0 to 3.5 days, compared to the rivaroxaban group which ranged from 3.4 to 3.6 days. There were no significant differences between the groups for any of the operative characteristics.
Assessment of VTE
DVT was reported in four studies. No significant difference in DVT rate was found when comparing the rivaroxaban to the aspirin group (RR: 0.67, 95% CI: 0.28-1.76, 
Assessment of bleeding
Major bleeding was reported in two of the studies. No significant difference in major bleeding was found when comparing the rivaroxaban to the aspirin group (RR: 0.39, 95% CI: 0.10-1.52, I 2 ¼ 34%, p ¼ 0.17) ( Figure 3 ). Any bleeding was reported in two studies, with similar bleeding rates when comparing the rivaroxaban to the aspirin group (RR: 1.3, 95% CI: 0.45-3.79, I 2 ¼ 81%, p ¼ 0.62).
Assessment of readmissions
Readmissions were reported in two of the studies. No significant difference in readmission rate was found when comparing the rivaroxaban to the aspirin group (RR: 0.80, 95% CI: 0.50-1.30, I 2 ¼ 0%, p ¼ 0.37) ( Figure 4 ).
Assessment of wound complications
Wound complications were reported in three studies. No significant difference in wound complication rate was found when comparing the rivaroxaban to the aspirin group (RR: 2.0, 95% CI: 0.73-5.55, I 2 ¼ 0%, p ¼ 0.17) ( Figure 4 ).
Discussion
While TKA and THA are useful treatments that can offer patients significant increases in function and decreases in pain, they carry significant risk of VTE. Chemoprophylaxis is one prong of this strategy, along with multidisciplinary care and early mobilization. Both aspirin and rivaroxaban have been shown to be effective in reducing PE and DVT following TKR and THA. However, there is no published systematic review and meta-analysis comparing the outcomes of aspirin and rivaroxaban. Thus, the present study Journal of Orthopaedic Surgery 28 (1) aimed to determine whether the inexpensive, generic antiplatelet drug aspirin was comparable to the direct oral anticoagulant for VTE prophylaxis after TKA and THA. There were no differences between aspirin and rivaroxaban for either VTE or its components DVT and PE. Similarly, there were no differences between groups for either major bleeding or any bleeding or for readmissions or wound complications. These results suggest that aspirin may be an appropriate choice of chemoprophylaxis agent after TKA and THA, given its lower cost and similar prophylactic and adverse event profiles.
While aspirin was superior to placebo in older trials investigating chemoprophylaxis after orthopaedic surgery, such as the Pulmonary Embolism Prevention Trial, this was in an era of higher VTE events. 9 Additionally, 40% of the patients in the aspirin group received low molecular weight heparin. However, recently there have been more studies demonstrating the efficacy of aspirin for thromboprophylaxis. 15 Along with that, in 2012, the American College of Chest Physicians and American Association of Orthopaedic Surgery now both recommend aspirin as a chemoprophylactic drug for VTE. 3 Thus, with increasing support of the cheaper aspirin, the direct comparison to rivaroxaban, with all studies included in the meta-analysis from the past five years, is valuable.
The similarity in bleeding complications between aspirin and rivaroxaban is consistent with the results of other studies, which have found no differences in major bleeding between enoxaparin and aspirin or between enoxaparin and rivaroxaban. 5, 16 While some studies have found a high risk of wound healing complication with rivaroxaban use, our study found no difference in wound complications between the aspirin and rivaroxaban group. 17, 18 The key strengths of the present analysis are that the studies included directly compared rivaroxaban to aspirin, and there were no significant differences between groups on either patient characteristics or operative characteristics. Four of the five studies included were randomized controlled trials. The studies included were also all recent Journal of Orthopaedic Surgery 28 (1) studies, which contributes to the current clinical relevance of these findings. While the findings from this study are comparable to Anderson et al., we pooled the patient cohort from five studies to increase the power of these findings. Along with that this is the first meta-analysis comparing aspirin to rivaroxaban for thromboprophylaxis following TKA or THA. There are several limitations to this systematic review and meta-analysis. The primary limitation of this analysis is that the majority of patients came from two studies. There was significant heterogeneity in the outcome which could have stemmed from difference in study protocols. For example, in the large randomized trial by Anderson et al., all patients received 5 days of rivaroxaban before being randomized to aspirin or rivaroxaban. 10 In the study by Jiang et al., the rivaroxaban group received 5 days of low molecular weight heparin before being switched to rivaroxaban, while the aspirin group was started on aspirin from day 1. In the other studies, patients were started on aspirin or rivaroxaban from day 1. 11 While the dosage of rivaroxaban was the same in all studies, aspirin dosage varied from 81 mg daily to 325 mg bi-daily. Further, the duration of prophylaxis varied between 9 and 35 days, though this was kept consistent between subgroups within the original studies.
This meta-analysis also does not address the efficacy of these chemoprophylaxis regimens in high-risk populations, for example, people with cancer or previous VTE. This is because relatively small numbers of these patients were enrolled in the included studies, and none reported the specific outcomes for these subgroups. Thus, chemoprophylaxis efficacy in high-risk subgroups remains an open question for future research.
Conclusion
The present systematic review and meta-analysis found that aspirin was not significantly different to rivaroxaban for prevention of VTE or adverse events after TKA or THA. More large randomized studies are needed to add to this body of evidence.
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